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Telomerase is the Key to Maintaining the Length of Telomeres 

Telomerase Regulation 

Telomerase activity is very low in mammalian cells and absent in most types of terminally 
differentiated somatic cells (cells that won't change even during proliferation). High telomerase 
activity exists in germ cells , stem cells , epidermal skin cells , follicular hair cells , and cancer cells. 
( Ishikawa 1997) Some studies have suggested telomerase-activity regulation at each stage of the 
cell cycle. Dionne used a strain of yeast, lacking telomerase activity, to address the role telomerase 
plays in the formation of telomere replication intermediates in vivo . He mutated the gene 
encoding the RNA portion of telomerase. Extracts prepared from yeast carrying this mutation 
lacked telomerase activity. Researchers then analyzed the telomerase-negative yeast for the 
presence of telomeres. Telomeres formed during the S phase of the cell cycle (DNA replication 
phase), without telomerase. These results suggest the formation of telomeres is cell cycle 
dependent and telomeres can form without telomerase. ( Dionne 1996) Experimental results 
reported by Zhu also support cell cycle regulation of telomerase activity. His research team 
arrested human tumor cell lines at different stages of the cell cycle. Cells arrested at the Gl phase 
of the cell cycle had similar telomerase levels as non-arrested cells at the same stage. Progression 
through the S phase of the cell cycle brought telomerase levels to their highest point, and levels 
declined in the G2 phase. (Zhu 1996) Other researchers have reported results that do not support 
the hypothesis that telomerase activity is cell cycle dependent. 

In 1996, Shawn HpJLreported the down-regulation of telomerase activity in telomerase-competent 
cells during quiescent periods (G phases of the cell cycle), and up-regulation at the onset of 
proliferation (mitosis). In 1997, Holt reported results in which he examined immortal cultured 
cell lines in an attempt to resolve these discrepancies. He found that telomerase activity did not 
change significantly with progression through the stages of the cell cycle. Telomerase activity 
declined in cells whose growth rate declined and was almost absent in cells that exited the cell 
cycle. Telomerase activity correlated with growth rate and repression activity in quiescent cells. 
(Holt 1997) Telomere degradation, through incomplete DNA synthesis, poses no threat to cells 
that are not dividing, and cells in a quiescent or differentiated state may have other means of 
regulating telomerase activity. 

Results published by Cassandra Belair support Holt's belief that telomerase activity correlates 
with growth rate. Belair measured telomerase activity in two cell types. Isogenic (having an 
identical set of genes), normal human uroepithelial cells (HUCs), and cells from biopsies of 
superficial (on the surface) and myoinvasive (extending into the muscle) transitional cell 
carcinoma (TCC) cancer of the bladder. Non-cultured and cultured cells of each type provided 
information related to proliferative (multiplying) and nonproliferative cells. All carcinoma cells 
demonstrated telomerase activity. Uncultured, non-proliferating HUCs were telomerase negative 
and cultured HUCs, exhibiting a normal proliferation rate, were telomerase positive at lower 
levels than the TCCs. These results demonstrate accelerated proliferation of the TCCs. (Belair 
1997) Another researcher, Weng, has found evidence of telomerase activity induction by various 
cellular signals . 

Weng and his coworkers reported telomere length and telomerase activity in human B cells 
during differentiation . B lymphocytes derive from bone marrow progenitor (ancestor) cells and 
undergo an ordered differentiation with distinct stages during development and activation of in 
immune response. During T cell dependent immune responses, mature B lymphocytes enter a 
unique environment called the germinal center (GC). These cells differentiate into GC B cells and 
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then into memory B cells . The introduction of an antig en and Interleukin 4 initiated the immune 
response. B cells within the GC bad significantly longer telomeres and the telomerase activity was 
128 times higher than the naive (undifferentiated) and memory B cells (differentiated). They 
reported these cells capable of up-regulating telomerase activity, in vitro , in response t CD40 
antibody/antigen receptor binding and Interleukin 4 (part of the cells machinery for fighting 
infection). (Weng 1997) The ability to chemically induce telomerase to lengthen telomeres could 
have profound effects on aging research and treatment. Another possible mechanism of 
telomerase regulation appeared last year in the Proceedings of the National Academy of Science. 

Bhattacharyya and Blackburn reported results of their examination of telomerase non-template 
RNA domains. When they added telomerase RNA from the ciliate . Glaucoma chatoni, to the 
telomerase RNA of another ciliate, Tetrahymena thermophila^ they observed shorter telomeres 
within the transfected (changed) cells. These two organisms have identical RNA template 
domains, but different non-template RNA sequences. When the nucleotides around the template 
domain changed, abherrent (abnormal) shorter telomeres resulted. Non-template RNA domains 
affect crucial molecular events taking place at the polymerization active site of telomerase. This 
finding suggests the possible control of telomerase activity by changing the molecular interactions 
involving its non-template RNA domains. (Bhattacharyya 1997) 
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CLONING 



Researchers took 
cells that were just 
about to die and 
rejuvenated them by 
cloning them. Using 
an enzyme that 
keeps a cell dividing, 
they hope to create 
an immortal 'cell 
line' of growing 
cells. 



WASHINGTON, May 22 — 

Researchers who have 
produced designer calves 
that are both cloned and 
genetically engineered said 
today their technique has 
given them a way to 
rejuvenate dying cells. 

They said they hoped to 
eventually produce genetically 
engineered calves that carry a 
"fountain of youth" gene 
discovered by other teams of 
researchers. 

Writing in the journal Science, 
Jose Cibelli and James Robl of 
the University of Massachusetts 
and colleagues described the 
technology they used to produce 
three Holstein calves born last 
January at a Texas ranch and 
three more born in March. 

They did not clone the calves 
from adult animals, but from a 
fetus. But they said their 
technique held more commercial 
promise than that used to 
produce Dolly, the sheep who 
was the first mammal to be 
cloned from an adult cell. 

Their work sheds light on 
which cells can be cloned and 
which cannot. It has to do with 
the cell's life cycle, and which 
stage it is in. But Robl said there 
was more. 

"We also show that you can 
re-set the clock on these cells," 
he said. 
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Rejuvenated by Cloning 

Robl said his team had taken 
cells that were just about to die, 
and rejuvenated them by cloning 
them. The process is known as 
nuclear transfer — taking the 
nucleus out of a cow's egg and 
then fusing another cell to the 
egg. 

This "tricks" the egg into 
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acting as if it had just been 
fertilized by a sperm. It starts 
developing into an embryo. 

"Nuclear transfer is, 
essentially, the fountain of 
youth," Robl said. 

The fetal cells that Robl's 
team used were fetal fibroblast 
cells — cells that have not yet 
differentiated into the tissues 
they will eventually become. 
Such cells still have the potential 
to make a whole animal rather 
than some specific tissue, such as 
connective tissue or an organ. 

These cells usually divide 
about 30 times in a test tube 
before they simply stop — a 
condition known as senescence. 
What happens on the genetic 
level is that the telomeres, which 
cap and protect the ends of each 
chromosome, wear away. 

"If you take cells that have 
gone to 29 cell divisions, and 
they are in the process of being 
ready just to stop and give up, 
and you use those for nuclear 
transfer, you rejuvenate them and 
they have the same lifespan as 
cells that came from the fetus 
originally," Robl said. 



Eternal Cells 

Robl has been speaking with Dr. 
Woodring Wright, a professor of 
cell biology at the University of 
Texas in Dallas, who reported in 
January on ways to make cells 
live essentially forever. 

Wright's team used an enzyme 
known as telomerase, which is 
produced by egg cells and affects 
the telomeres. It probably helps 
the cells of a rapidly growing 
fetus keep dividing without 
wearing out. Normal adult cells 
do not produce telomerase. 

Robl said he was now 
checking to see if the cells he 
uses to grow cattle clones have 
telomerase activity. 

By injecting the gene that 
controls production of telomerase 
into the cells used to make 
clones, it may be possible to 
create an immortal "cell line" of 
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growing cells. 

"Then you make a calf out of 
that cell line and see if you can 
make calves out of the adults," 
Robl said. 

"I think it's a great 
experiment. I'm just anxious to 
get it done and I'm frustrated that 
we have to wait nine months to 
get an answer for it." 

Wright has warned that 
simply re-activating telomerase 
would not be enough to make a 
whole animal live longer, that 
many processes are involved in 
aging. 

But a calf containing an extra 
gene for telomerase would offer 
scientists a good way of studying 
the processes that underlie aging. 
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telomerase 

J rry Shay , jshay@mednet.swmed.edu, University of Texas, Southwestern Medical Center, Dallas, USA 

Definition: Telomerase (TE-LOM-ER-ACE) is a ribonucleoprotein enzyme complex (a cellular reverse 
transcriptase ) that maintains chromosome ends and has been referred to as a cellular immortalizing enzyme. 
Telomerase is a ribonucleoprotein reverse transcriptase enzyme (composed of both RNA and proteins) that uses 
its internal RNA component (complementary to the telomeric single stranded overhang) as a template in order to 
synthesize telomeric DNA (TTAGGG)n, directly onto the ends of chromosomes. Telomerase is present in most 
fetal tissues, normal adult male germ cells, inflammatory cells, in proliferative cells of renewal tissues, and in most 
tumor cells. After adding six bases, the enzyme is thought to pause while it repositions (translocates) the template 
RNA for the synthesis of the next six base pair repeat. This extension of the 3' DNA template end in turn permits 
additional replication of the 5' end of the lagging strand, thus compensating for the end-replication problem . 
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Molecular Characteristics: Telomeres are the repetitive DNA 
sequences at the end of all linear cnromosomes. In humans there are 
46 chromosomes and thus 92 telomere ends that consist thousands of 
repeats of the six nucleotide sequence, TTAGGG. The 
telomere-telomerase hypothesis of aging and cancer is based on the 
findings that the cells of most human tumors have telomerase activity 
while normal human somatic cells do not. Telomere length is maintained 
by a balance beween processes that lengthen telomeres (telomerase) 
and processes that shorten telomeres (the end replication problem ). 
Telomerase is a cellular reverse transcriptase which stabilizes telomere 
length by adding hexameric TTAGGG) repeats onto the telomeric ends 
of the chromosomes, thus compensating for the continued erosion of 
telomeres that occurs in its absence. The core catalytic subunit of 
telomerase, hTERT , is expressed in embryonic cells and in adult male 
germline cells, but is undetectable in normal somatic cells except for 
proliferative cells of renewal tissues (e.g. hematopoietic stem cells, 
activated lymphocytes, basal cells of the epidermis, proliferative 
endometrium, and intestinal crypt cells). The hTERT gene maps to 
chromosome band 5p15.33. 




Telomeres in Human Chromosomes. 
Metaphase human chromosomes that have 
been both stained with DA PI (blue color which 
stains DN A/chromosomes) and also in situ 
hybridized with a PNA (peptide nucleic acid) 
fluorescently labelled telomere probe (red ends 
of each chromosome). 



In normal somatic cells progressive telomere shortening is observed, 
eventually leading to greatly shortened telomeres and to a limited ability 
to continue to divide. Telomerase activity can be determined by the 
TRAP assay. It has been proposed that telomere shortening may be a 
molecular clock mechanism that counts the number of times a cell has divided and when telomeres are short 
cellular senescence (growth arrest) occurs. It has been proposed, but not proven, that shortened telomeres in 
mitotic (dividing) cells may be responsible for some of the changes we associate with normal aging. The length of 
telomeres can be visualized by demonstrating TRF (Terminal Restriction Fragments). 

What are telomeres and what do they do? Telomeres are repeated DNA sequences that protect the ends of 
chromosomes from being treated like a broken piece of DNA needing repair. Without telomeres, the ends of the 
chromosomes would be "repaired", leading to chromosome fusion and massive genomic instability. Telomeres are 
also thought to be the "clock" that regulates how many times an individual cell can divide. Telomeric sequences 
shorten each time the DNA replicates. When at least some of the telomeres reach a critically short length, the cell 
stops dividing and ages (senesces) which may cause or contribute to some age-related diseases. In cancer, a 
special cellular reverse transcriptase, telomerase, is reactivated and maintains the length of telomeres, allowing 
tumor cells to continue to proliferate. 
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Why do telomeres shorten? The mechanisms of DNA replication in 
linear chromosomes is different for each of the two strands (called 
leading and lagging strands). The lagging strand is made as series of 
discrete fragments, each requiring a new RNA primer t initiate 
synthesis. The DNA between the last RNA priming event and the end 
of the chromosome cannot be replicated because there is no DNA 
beyond the end to which the next RNA primer can anneal, thus this 
gap cannot be filled in (this is referred to as the " end replication 
problem "). Since one strand cannot copy its end, telomere shortening 
occurs during progressive cell divisions. The shortened telomeres are 
inherited by daughter cells and the process repeats itself in 
subsequent divisions. 

What is cellular senescence? In contrast to tumor cells, which can 
divide forever (are "immortal"), normal human cells have a limited 
capacity to proliferate (are "mortar). In general, cells cultured from a 
fetus divide more times in culture than those from a child, which in 
turn divide more times than those from an adult. The length of the 
telomeres decreases both as a function of donor age and with the 
number of times a cell has divided in culture. There appear to be two 
mechanisms responsible for the proliferative failure of normal cells. 
The first, M1 (Mortality stage 1), occurs when there are still at least 
several thousand base pairs of telomeric sequences left at the end of 
most of the chromosomes. M1 may be induced by a DNA damage 
signal produced by one or a few of the 92 telomeres that have 
particularly short telomeres. The M1 mechanism causes a growth 
arrest mediated by the tumor suppressor genes p16 f RB1 and p53. If 
the actions of p53 and p16/pRB are blocked, either by mutation or by 
binding to viral oncoproteins, then cells can continue to divide and 
telomeres continue to shorten until the M2 (Mortality stage 2) 
mechanism is induced. M2 represents the physiological result of 
critically short telomeres when cells are no longer able to protect the ends of the chromosomes, so that 
end-degradation and end-to-end fusion occurs and causes genomic instability and cell death. In cultured cells, a 
focus of immortal cells occasionally arises. In most cases, these cells have reactivated the expression of 
telomerase, which is able to repair and maintain the telomeres. 

If you can stop the shortening of telomeres will this prevent cellular aging? While there have been many studies 
indicating that there is a correlation between telomere shortening and proliferative failure of human cells, the 
evidence that it is causal has only recently been demonstrated. Introduction of the telomerase catalytic protein 
component into normal human cells without detectable telomerase results in restoration of telomerase activity. 
Normal human cells stably expressing transfected telomerase demonstrate extension of lifespan, providing more 
direct evidence that telomere shortening controls cellular aging. The cells with introduced telomerase maintain a 
normal chromosome complement and continue to grow in a normal manner. Initial concerns that the introduction of 
telomerase into normal cells may substantially increase the risk of cancer have not proven true. One way to think 
about this is that special reproductive tissues maintain high levels of telomerase throughout life, and there is no 
increased incidence of cancers in these special cells when compared with other types of cancer. Thus, the major 
role of telomerase is to maintain telomere stability and keep the cells dividing. These observations provide the first 
direct evidence for the hypothesis that telomere length determines the proliferative capacity of human cells. 

Can telomerase be used as a product to extend cell lifespan? The ability to immortalize human cells and retain 
normal behavior holds promise in several areas of biopharmaceutica[ research including drug development, 
screening and toxicology testing. The development of better cellular models of human disease and production of 
human products are among the immediate applications of this new advance. This technology has the potential to 
produce unlimited quantites of normal human cells of virtually any tissue type and may have most immediate 
translational applications in the area of transplantation medicine. In the future it may be possible to take a persons 
own cells, manipulate and rejuvenate them without using up their lifespan and then give them back to the patient. 
In addition, genetic engineering of telomerase-immortalized cells could lead to the development of cell-based 
therapies for certain genetic disorders such as muscular dystrophy. 

Cell and molecular regulation. There are proteins identified that directly interact with telomerase such as 
p23/hsp90 (molecular chaperones) and TEP1 (telomerase associated protein 1 with unknown function). In 
addition, there are likely to be other proteins that help regulate telomerase function that have yet to be identified. 
The transcriptional regulation of the catalytic subunit of telomerase ( hTERT ) is clearly complex, but there is recent 
evidence that the gene may be important in some aspects of the transcriptional activation of hTERT. In addition, 
there is evidence that a gene on chromosome 3 may be involved in the transciptional repression of hTERT. Since 
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Telomerase: A Celluar Reverse Transcriptase 
Extends and Maintain Telomeres. Telomeric 
sequences are synthesized by telomerase, a 
ribonucleoprotein enzyme (composed of both 
RNA and protein). Telomerase contains 
RNA-dependent DNA polymerase activity which 
uses its RNA component (complementary to the 
telomeric single stranded overhang) as a template 
in order to synthesize TTAGGG repeats 
(elongate) directly onto telomeric ends. After 
adding six bases, the enzyme is thought to pause 
while it repositions (translocates) the template 
RNA for the synthesis of the next six bp repeat. 
This extension of the 3* DNA template end in turn 
permits additional replication of the 5' end of the 
lagging strand, thus compensating for the 
telomere shortening that occur in its absence. 
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telomerase interacts with the telomeres, there has been a numb r of proteins identified that directly or indirectly 
bind to telomeres (TRF1, TRF2, tankyrase, TIN2) that are also important in the regulation of telomerase. 
There is also regulation of the level of telomerase activity in specific cell types. In the most primitive stem cells of 
renewal tissues (e.g. crypts of the intestine, bone marrow cells, resting lymphocytes, basal layer of the epidermis) 
telomerase activity is low while in the proliferative decendents of these cells telomerase activity is increased. Thus, 
there are telomerase competent cells that have low activity when quiescent (not dividing) and increased activity 
when proliferating (dividing). However, these telomerase competent stem cells do not fully maintain telomere 
length since such cells obtained from older individuals have shorter telomeres than those derived from younger 
individuals. Thus, in germiine (reproductive) cells and tumor cells, telomerase fully maintains telomere length in 
contrast to stem cells (with regulated telomerase acitivty) and most somatic cells (with no detectable telomerase 
activity) in which telomeres progressively shorten with increased age. 

Biological Activity in Cancer: Cellular senescence may have evolved, in part, to protect long-lived organisms, 
such as humans, against the early development of cancer. Thus, it has been proposed that upregulation or 
reexpression of telomerase may be a critical event responsible for continuous tumor cell growth. In contrast to 
normal cells, tumor cells show no net loss of average telomere length with cell division, suggesting that telomere 
stability may be required for cells to escape from replicative senescence and proliferate indefinitely. Most, but not 
necessarily all, malignant tumors may need telomerase to sustain their growth. Immortalization of cells may occur 
through a mutation of a genejn the telomerase repression pathway. Thus, upregulation or reactivation of 
telomerase activity may be a rate-limiting step required for the continuing proliferation of advanced cancers. There 
is experimental evidence from hundreds of independent laboratories that telomerase activity is present in 
approximately 90 percent of all human tumors but not in tissues adjacent to the tumors. Thus, clinical telomerase 
research is currently focused on the development of methods for the accurate diagnosis of cancer and on nov I 
anti-telomerase cancer therapeutics. 

Clinical relevance: There is mounting evidence that cellular 
senescence acts as a "cancer brake" because it takes many divisions to 
accumulate all the changes needed to become a cancer cell. In addition 
to the accumulation of several mutations in oncogenes and tumor 
suppressor genes, almost all cancer cells are immortal and, thus, have 
overcome the normal cellular signals that prevent continued division. 
Young normal cells can divide many times, but these cells are not 
cancer cells since they have not accumulated all the other changes 
needed to make a cell malignant. In most instances a cell becomes 
senescent before it can become a cancer cell. Therefore, aging and 
cancer are two ends of the same spectrum. The key issue is to find out 
how to make our cancer cells mortal and our healthy cells immortal, or 
at least longer-lasting. Inhibition of telomerase in cancer cells may be a 
viable target for anti-cancer therapeutics while expression of telomerase 
in normal cells may have important biopharmaceutical and medical 
applications. In summary, telomerase is both an important target for 
cancer and for the treatment of age-related disease. 

Could telomerase be the "Achilles heel n of cancer? We believe that 
progressive telomere shortening is halted in cancer cells by the 
presence of the enzyme telomerase which maintains and stabilizes the 
telomeres, allowing cells to divide indefinitely. Telomerase activity is 
detected in almost all human tumors. It is hoped that a therapy can be 
developed that inhibits telomerase activity and interferes with the growth 
of many types of cancer. 

Will inhibiting telomerase restore the senescence program in cancer 
cells and if so will this therapy cure cancer?Or\e research strategy is to 
inhibit the activity of telomerase, forcing immortal cells into a normal 
pattern of permanent growth arrest (senescence) or death ( apoptosis ). 
Following conventional treatmens (surgery, radiotherapy, 
chemotherapy) anti-telomerase agents would be given to limit the 
proliferative capacity of the rare surviving tumor cells in the hope that 
this would prevent cancer recurrence. We believe this treatment would 
be very selective in that only cells with an activated telomerase would be 
affected. As far as we know, that includes only "immortal" tumor cells 
and germiine (reproductive cells) and at lower levels stem cells in 
renewal tissues. 

Will telomerase activity be useful in cancer diagnostics? Telomerase 
activity is detected in premalignant specimens (in situ lung and breast 
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Telomerase: A Celluar Reverse 
Transcriptase Extends and Maintain 
Telomeres. It has been argued that it may not 
be necessary to exhaust the replicative 
potential of normal cells in order to form a 
massive tumor (e.g. after 50 doublings a single 
cell could generate a tumor of a size greater 
than 1 000 kilograms). However, this 
theoretical argument assumes that all cells 
survive, which is highly unlikely to be correct. 
If the frequency of spontaneous mutations is 

approximately 10"°- at least a million cells are 
nfcfcded lor a second mutation to occur with 
reasonable probability. Since these mutations 
must accumulate in the same cell, a series of 
clonal expansions must occur as is illustrated 
in this figure. Since it requires 20 cell 
doublings to generate approximately one 
million cells, 20 divisions would accompany 
each mutation. For example if we assume five 
mutations are necessary for cancer to arise 
from a normal cell, more than 100 divisions 
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from a normal cell, more than 100 divisions 

c * - cancers), while colon and pancreatic cancer have detctable telomerase (doublings) would be required to render a ceil 
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specimen and to demonstrate telomerase may allow the detection of senescence would limit the number of ceils in 

cancers at an earlier stage. Telomerase activity is detected in lung cells a such a nimor to io 6 -iq£ ceils .which is less 
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needle aspirations (breast, liver and prostate cancer), washes (bladder marrow, skin, and perhaps the intestine, most 
and colon), and sedimented cells from urine (bladder and prostate) normal human ceils only divide 50-70 times 
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and are likely to have immediate diagnostic utility as well as monitoring u on the proliferation of ceils that had 
of minimal residual disease. In an effort to improve the diagnostic value accumulated a few mutations butnotaii those 
of telomerase determinations, in situ hybridization methods for the prerequisite for malignancy, 

demonstration of telomerase on archival paraffin embedded clinical specimens appears to distinguish cancer from 
normal cells, correlates well with telomerase activity, and thus may provide added value to telomerase activity 
assays. In addition, the presence or absence of telomerase may have prognostic value and help risk stratify 
patients into those with favorable outcomes (to avoid unnecessary treatments for patients with low or no 
detectable telomerase) and those with high telomerase activity and with unfavourable outcomes (to help 
oncologists manage patient treatments more effectively). 

Have any telomerase theapeutic agents been identified and what are the potential complications of such 
strategies? Since telomerase is expressed in most advanced cancers, methods for telomerase inhibition using 
small molecules such as modified oligonucleotides may have utility. There are potential risks in the use of such 
therapy that must be considered, for example the affects of inhibitors on telomerase-expressing stem cells. 
However, it is likely that this approach will be less toxic than conventional chemotherapy which affects all 
proliferating cells, including stem cells. The rate of division of the most primitive stem cells is so much slower than 
that of most cancer cells that the amount of telomere shortening in the stem cells should be relatively small. Some 
of the side effects of standard chemotherapy, such as thrombocytopenia, leukopenia, nausea and hair loss due to 
the death of the cells in rapidly proliferating tissues, may be reduced by the use of telomerase inhibitors which are 
predicted to induce cellular senescence only after prolonged growth. This raises what many consider the most 
important concern with this proposed treatment regimen, the prolonged time potentially required for a telomerase 
inhibitor to be effective. Since the mode of action of telomerase inhibitors may require telomeric shortening before 
inhibition of cell growth or induction of apoptosis , there may be a significant delay in efficacy Thus methods may 
have to be devised to increase the rate of telomere shortening when telomerase inhibitors are used 
therapeutically. Telomerase inhibitors will likely be used together with or following conventional therapies, so that 
once the bulk of the tumor mass is eliminated anti-telomerase therapy might prevent the large number of cell 
divisions required for the regrowth of rare resistant cancer cells. They may also be used in early stage cancer to 
prevent overgrowth of metastatic cells, as well as in high-risk patients with inherited-susceptibility to cancer 
syndromes to prevent the emergence of telomerase-expressing cells (chemoprevention). 
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Repression of the telomerase catalytic subunit by a gene on 
human chromosome 3 that induces cellular senescence. 

Horikawa I, Oshimura M, Barrett JC. 

Laboratory of Molecular Carcinogenesis, National Institute of 
Environmental Health Sciences, Research Triangle Park, North Carolina 
27709, USA. 

The cellular senescence program is controlled by multiple genetic pathways, 
one of which involves the regulation of telomerase and telomere shortening. 
The introduction of a normal human chromosome 3 into the human renal 
cell carcinoma cell line RCC23 caused repression of telomerase activity, 
progressive shortening of telomeres, and restoration of the cellular 
senescence program. We attributed the repression of telomerase activity to 
the marked downregulation of the gene encoding the catalytic subunit of 
telomerase (hEST2/hTRT) but not another protein component (TP1/TLP1) 
or the RNA component of telomerase. These results suggest that a 
senescence-inducing gene on chromosome 3 controls hEST2/hTRT gene 
expression either directly or indirectly and support the notion that 
hEST2/hTRT is the major determinant of telomerase enzymatic activity in 
human cells. 
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